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(54) HIGH CORROSION RESISTANT CLAD STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a material having excellent 
corrosion resistance, mechanical properties and economical efficiency to 
e.g. an oxidative decomposition treatment plant using high-temperature 
high-pressure fluids. 

SOLUTION: In the high corrosion resistant clad steel, carbon steel is 
used as a base material and stainless steel which has a composition 
consisting of <0.02% C, <1.0% Si, <2.0% Mn, 20-27% Cr, 17-45% of 
(Ni+Co), 2-5% of (Mo+1/2W), 0.01-0.3% N, 0.1-3% Cu and the balance 
essentially iron and satisfying relation Cr+Ni+Co+2Cu+4.1 (Mo+1 /2W) 
+24N>62 is used as a cladding material. Further, either or both of <0.01% 
B and <0.5% Zr, one or more kinds among <0.02% Cr, <0.1% Al, <0.04% La, 
<0.04% Ce and <0.1% Y, or one or more kinds among <0.5% Ti, <0.8% Nb, < 
1.6% Ta and <1% V can be added to the cladding material. 
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C57) [Bft] 

[RIB] Wa*E»#**iJfl9bte»{fc»<!Sftia^'-5 > 

0 %WT\ Mn:2.0%I^T Cr:20— 27%, Ni +Co : 17— 4 5%, M 
o+l/2W:2— 5%. N:0.01— 0.3%, Cu : 0 . 1— 3%£r . 

Cr+Ni4Co+2Cu+4.1(Mo+l/2W)+24NS62 
^ttftCti, BrO-ttUfifcAT. 2r:0.5%tiT©*>% 1 aiti 
±. Ca:0.02%«T\ Al :0.1SfcTF. La:0.04%tTF, Ce:0. 
04%feiT\ Y:0.136(aTO5% 1S«±, X«Ti:0.5%W 
T\ Nb:0.8%WT. Ta:1.6%WT, V:13^T<0 5 % 1 «£J 
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T\ C:0.02%t(T\ Si:1.0%WT\ Mn:2.0%WT, Cr:20 
— 27%, Ni+Co:17— 4596. M0+1/2W: 2— 5%, N:0.01— 0.3 
X Cu:0.1-3%£^, '»aJ^jtWWtC«cr*0, 

Cr+Ni +C042CU+4 . l(Mo+l/2W) +24N^ 62 

[M3CTI2] £tftt<D{b^/3c#2>\ M^qi l IBttOft 
^Sc^tCjJD^T £6tC, mass%T\ B:0.01%WT\ Zr:0.5 
SfclT® 5 % 1 S«±*S C 4 4 T^lBt^ 

imxmz ) £i*tt<Dit¥f%ftt)K imm i 1 terns 

*^2Ett<0<fc^fi£»«:JnA-C3e>tC. mass*C, Ca:0. 
02%WT, Al:0.1%l^T\ La:0.04%liiT, Ce:0.04%WT. 
Y:0.UfctT©5 5 1 «feLh«:dtfC 4 T**IH 

H*^3 Et8©{b^flE»tcanx.r S Ti :0.5%« 
T. Nb:0.8%WT. Ta:1.6%WT, V:l*kTF<E> 5 % 1 JIfel 

[0 0 01] 

lit HJfBftjHBW* ■ SB8l?7KK<t^7> KJtcfcWi 
[0 0 0 2 ] 

[0 0 0 3 } «9K^0f£<DaS • Efcft#*iB* £ 4 . 
«f* 4«fc#S«BH* 4 a o /cifflBS»S6*tt«84 ft 0 , 

ffi«>T?Si4«cSiCii*j|fltr 4. ceo J: 5 fctJMKctel,* 
[0 0 0 4] «MII*CC<fc*Kfb#«ffiW:, g#ft&{*i 

wr4^b*jg^ja^«r4Ks»*4*©fc<7)*^ star 
4>. HS«:iHttt*ififfr*sc 4*>e>. -gM*s-t$ft 
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[0 0 0 6] ^©fte, H»CC2 g -^aa, ifMcffiftK 

[0 0 0 7 ] «fBB¥6-322488*4i«tC«,»JtX 
T\C:0.02%?k$S,Si :1.5%WT (HSfcWrteO.47— 0. 50 
10 %) .N*i:0.3— 1.5%*P:0.02%I^T\S:0.005%WT>Cr:l8— 2 
6%, Ni : 20— 40%, W : 0 . 5- 10 . 0%, Nb : 0 . 05— 0 . 4% ( HtSMT' 
«0. 18-0. 23%) ,Ti :0.0l— 0.2%, B:0.003— 0.008%>N:0. 
05—0.3% (SM'lttJO. 008— 0.147%) £^Wl^£^C 
*C J£ 0 T , Mo : 0 . 5 - 2 . 0%fc J: 07 £ tc it J Mg : 0 . 001— 0 . 
05%, Ca : 0 . 001- 0 . 0 5%> ffr± Sl7C * : 0 . 001- 0 . 1556© *> % 1 

[0 0 0 8] *$M2000-129403- ! §&ffi«:W:, C:0.01-0.2 
0% (Jf*L<ti0. 035-0. 15%) , Si:3.0%WT (ff*L/ 
20 <&£0.5— 2.0%) ,Mn:0.01— 3.0%, Mi :15.0— 40.0%, Cr: 
15.0— 30.0%,Mo:0.0l— 1.0%,W:2.0— 8 . 0%,Nb:0 . 05— 0.8 
%,Ti :0.2%K4T ,B:0.006%WT,N:0.05-0.25% (Jff* 0 
< ^0.07-0. 02%) ^aWL^W/Mo^2WJbJS:O ^ Fe20— 55% 
£WT£C isM^TaO.Ol- 0.5% ,Zr0. 001— 0. 2%, Hf 0. 0 

[0009] 

[0010] J»{IB*«w:*tr4ffi3HI14<DH^^6*i, fu 

40 wtc*ji»rfrj, i4 uraift3WjBA*$E-J 1 a*ft : r<3!) 

i«L 4*H20O0-1294O3-94i«Ett<Dtt$15<b fctc, 

[0 0 1 1 ] iSB0»H4ML/. WiSWE 

50 fSt^^Wb, ^*j*>o«»ttccfctfn/cWW*^7 K 
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[0012] 

^/SWWmasstftN C:0.02%yT. 5i:1.0%mT, Mn:2.0 
%£*T\ Cr:20— 27%, Ni+Co:17— 45%, Mch1/2W: 2— 5%, 
N:0.01— 0.3%, Cu:0.1-3%£^, glS15#HKffjtC&-C 

[001 3 ] Cr+Ni+Co+2Cu44.1(Mo+l/2W)+24N^ 62 

[0014] C Cr<* £tf*tCCt&nassXt\ TsE 
CD— <3)4H>T*ft#>£^flDOT J:t> 0 

0 B:0.0l*feiT\ Zr:0.5XWT©5"5 1 ««± 

© Ca:0:02%WT. AlrO.iafcTF. la:0.04%t(T\ Ce:0. 

Y:0.1%«™^ 1 «J£(± 
(3) Ti:0.5%WT. Nb:0.8%«T\ Ta:l.e%WT\ v-.y&U 

t<d *> % i att± 

[0015] commit. mm,¥i*( f c£2>M4tmm< f c 

1 > r tftKtt 14 «: f t o tc &m . ni (D as jds * xts tc t# jn r 
[ooi6] *#fesj^^5 * Kjnostttt. van. is 
[0017] ^m$<o^mctew htt^f&ftmmm 

[ 0 0 1 8 ] C: 0.02%WT 

C r i L X «fb«J* JfJ fi£ U CKC <fc £ ffl(DB«S 
«*14lolJiJ»* S -li- S /c» , *©£WStt^&l» 
c<t#H3fciA>. cS* s 0.02%WTr*n«, WAf&Dse 
4b«:fiM>T*4fc«>. ^»DS^r0.02%WTi-r^o 

[ 0 0 1 9 ] Si: 1.0 xWT 

Si«J9M»J<hl/rWJ(»r*S*i % l.o %^M^5c 1 :^ 
IBHb«»©Wtti**0<ttiau JfcMttHtt*ffiTS-t* 
5. ft£oT, Si©»»DS*l.O «WT£T£. 
[0 02 0) Mn: 2.0%«T 

(0 0 2 1] Cr: 20-27% 

SSffi MEffitf b a x i^ig «: *s i, > r . 20%*ffi<D#yjn 
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•8SSllS€:20-^273fltDi5Hrt <± f 
[0 02 2] Ni+Co: 17-45% 

<t0TK^ o Ni4CooasjQS^i7%*ffl|r«. WAftcorS] 
±S»*«JB*-Ctt<tl». — ;S\ Ni4Co £45%£jSx.Ttfs 

[0 0 2 3] MO+1/2W: 2—5% 

Mote? LftS/cDIKAK: Jtut ffltt colt Aft * [6]± 3 * « 

fbft^^bT5o^/c, Wtimass%Ttt*CDi/2<Dfi. HP*3 
l/2vrTMo<5:*ffi"C*S/c«>. ^ltLTMcHl/2W7>-/3SJJDffi 
iLti^ ^ot, lto+l/2WCD^flQS£2— 5%^IgBS|*J 
20 tf 5o 

[0 0 2 4] N:0.01-0.3% 

**ftoi|S|B$6c, Vk<b*-7s?1r4 Hift««:3Sc5e^bS 

-4l8ltt#»ttfrfts. ft£-^r, N©as»ns* o.oi— 0.3% 

[ 0 0 2 5 ] Cu: 0.1-3% 

©S»«tt+^"CWtt < . 3%S:jB^.TiRjDr-2><bB!lPJJnX 
14«:3&{bSH*4. ^oT. Cu©asaUt«r0.i^3»eOJBH 

[0 0 2 6] B f 2r: 0. 01%, Zr^ 0. 5%£> 5 ^ 1 ^i^± 

40 ^ c zr^, raatctt»5fia©isj±cc3afli3&i*5*^ 0.5% 

[0 0 2 7 ] Ca,Al ,La t Ce,Y: Ca^ 0.02%,Al ^0 .l% r La^ 
0.04% r Ce^0.04%,Y^0.1%CD ; 5 % lSJJLh 
Ca.Al ,La,Ce,Y«, 1 ftfei±^^S^»DT 2> C t CCct 

^cBxoiAsnr. iBWfflB[{bl4*rfi3±s-a--5. o^l. 

Car^0.02X AirtiO.156. LartJO.04%, CeT«0.04 
50 {b$i±«ffifl£fc*4L^>T< J^S. ffiot, Ca.Al.La.C 



5 

e,Y£^[]TS£§^te\ Ca:0.02*ttT, Al:0.136lUT. L 
a:0.04%i^T, Ce:0.04%WT, Y:O.^TCD ^ 1 

[ 0 0 2 8 ] Ti ,hb,Ta,V: Ti ^ 0. 5%,Nb^ 0.8%,Ta^ 1 .6 
%,v^a5^^ % 1 ffifej± 

Ti,Nb,Ta,v «*©»*£*S£LT«{b«J*JBJa 

8%. TaT' W 1.6%, VT«l56?:je^rgSl3Dr*i. J|fel>£ 
KPa<b^tt**tFrU10^>r<3te-5. ^t, Ti,Nb,Ta,v£ 
iBflPT Ti:0.5%WT, Nb:0.8XWT, Ta:1.6% 

[ 0 0 2 9] fb#J3E#<DPR5£3I : Cr+Ni<o+2Cu+4.l(Mo+ 
1/2W)+24N^62 

[0 0 3 0] 

R = Cr+Ni+Co+2Cu+4.1(Mo+l/2W)+24N (1) 

[oo3i] ^ayom^cx o, ts*-r*>*swwB 

iSE7KK^b«l*r©Sg«ttt*c3!)B4att«. El 1 K:7S•r 
J: 5«:&S7«:SSII3 ftS. C 9, ^(i)©«B#62 

4£St«4 <b L r StS 3 W A14 u-c jutrfllfigr # 5 . 

Cr+Ni+Co+2Cu+4.1(Mo4l/2W)+24N^62 (2) 

ct&S. 

[0 0 3 2 ] cn6©#aK:4Bi»r rjsss^nH 

pro, ^pjjBw^Ftt«5«:ttDa«) 4 <&<Dm&7tmz^m? 
s & ©3&i*»w<DiBffitcs * n^ci ism? s . 

[0 0 3 3 ] 

{#69J©3W6<W&«] ±ie 
O^WOfb^fiS»tcar5*, ii«co^f->u^a<!:igi 

i^t^n/c^fyb^i^Mii, mm® 

S. 

[0 0 3 4] **§B©^t*«:fflC^^7 L >U'^8iO<fc 

d. i«»i«EE7kai*r(oa*c[)»{btttt<>i«fco. ^ft? 
Mrfiiafi r ^ r s igBroc cfc s mmm &H£ & > tmm 
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[0035] ^k^k, *»wo*fftirssia*»r 
BMb*fc**i»ai*rtt, iMtiSt, tsccfflSMg 

rtasn^i^(Dr*o, ^3;2#sc ±#itot». 

[0 0 3 6 ] fCt. R/ctttt**>6©iBftttPJ±«8S 

10 fbRBKOSStt^, «e*Stonrt^crgW*^^6 

Wcd,^ t b£«a*cr«< tfeiter u i> h\ a*s * ft 
s<t, ft«©^t*etB^©ffi»tt£«aii4^rfii±rs 

[0 0 3 7 ] C<0«|fi]fCOl»T*R-r*±. S;*t4^± 

£/c. ffiSft£<D[SJ±CCtt. Fe-Cr«B!{b«5<bJ:bKL/c» 
20 #MJSLTl>Si*K3ft5. HHIK: urSfciaS 

^ ? s £ » & tcp o tc « m & c c cc * s o 

[ 0 0 3 8] JCT. IWbffiBI^CDNi(DH«**aEajKft 

iSA0Sfiu/ci»^<DWtttcw^r*sw±. S:^ 
tmmxmm m «c isj±t scbo^^^tcs^^ni^^fit 

30 ,^L/c 0 

[0 0 3 9] XRTtt, Cr.Ni ,Fef6©7aRC!>i»aia:*S 

*4«fcl±«CNiSr»lraOTfc. KibSJficOfflfiSfrieS 

iOttt, Cr*20^bl±i-r5^«3&J*5C < 5:, Ctli 
««BI»CDNi(D«ttl3&s. ffi»WttC0»aWtciSj±*fc/c 
WCiSSW^KU/c. ?6^c. MfbAJBlOSSEtt 

©fo]±tca3l07tJR<l: Lr, N.Mo.Cu^fc^SC i^BJ 

40 [0 04 0] L^L, Mo*5ct?>'WCD^)}DtCOlirti, 11 
BWIBAtat©Jaj±»JtJ!^r*4fe<7)6D, ^^^KBIOS 

n« . 9oo- noo # c©«»BETS©^inaf itc 4d i » 
r . m^nr^c cr^mt co&m mt^m^vntiu^r 

So CC0cfc^>CC, itoteJ:C>'wcD^Datc«WJPR^*SC 

[0041] wm<ommmt 0Tta3io/c«>cc«, » 



[0 0 4 2] fet±0*^tcS^# % ffiftjS 

[0 0 4 3 ] P: 0.002-0.02% 

ltt*tt«9"C*0. <Sl #Wfi#0.02«£jH;L 
Si»«tt*^tS-l±i. L*>U 0.002X*«*r{6T 
S-t*S4KRteg|©3^ htfiMJDT*. Sfot, PSrO.OO 10 
2— 0.02%<7>^K£T&C IA>. 
[0 0 4 4 ] S: O.OiafeTF 

[0 0 4 5] N: 0.15—0.3% 

Nttff*0<C*. 0.i5X«±jBSnrSCi*C«J:0. ISCD^ 
[0 0 4 6] *#feq«©a5iHft^7 * K*<DiBJBJB!B± U 20 
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[0 04 7] 

^^>U^«l«:KS»ai?SWCCT:«S{L/. £liI?£l200°C 

[0 04 8 ] 9l#iBS*«ffi^RB«©WB«l»**5J:U f «^ 

^IBJSg U/c90mm/l(Dj^^^^^'£M-&-^T, 90mro4 30m 
m+30mni490mrif+24(>TirrJl^tCS^a^i±/c o C*a62*ICD^ 

[ 0 04 9] COjZv y KX^y^riiso'C^^U. K 
TttlOTflWHESSrJtU. £f*£24rmi^Dt£<L ft L/c 

i$LT^ a D Q <hL/c 0 ^7 9K«O^W*IJ:»), 135m 

Bf±±tf rjBAKR«:« 1, fc. 
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[HI ] 



(6) 



#BB 2 0 0 2 - 6 9 5 9 0 

10 





O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


O 


o 


o 


O 


o 


o 


o 


o 


if} fej^c 

4a ftS "g 

W "Si 


0.482 


0.374 


0.288 


0.471 


0.463 


0.503 


0.598 


0.450 


CO 

d 


0.537 


0.517 


0.443 


0.525 


0.534 


0.535 


0.591 


0.532 


0.464 


0.488 


a* 

*/> 
w 
CO 

£ 




65.66 


78.28 


93.74 


72.43 


73.15 


69.58 


CO 

««■ 
co 

CO 


75.46 


76.04 


68.48 


68.64 


CO 
O 
*T 

r- 


68.04 


70.30 


67.05 


65.93 


68.34 


73.83 


72.59 


0 




Al: 0.1 


Ti: 0.33 


Zr 0.1 1 
















8: 0.004 


Ca: 0.003 


Ce: 0.03 


co 

CO 

d 


Ta: 1 .2 


«r 

d 
-b 
Z 
in 

CS) 

d 
j- 


B:0.003.Ti:0.33 


B:0.004. Ca:0.003 
La:0.03 




0.23 


0.22 


0.22 


0.21 


cV 
CM 

d 


0.26 


0.21 


0.19 


0.23 


0.20 


0.21 


0.22 


0.20 


CVJ 
CVJ 

d 


0.21 


0.18 


0.21 


0.19 


0.20 




o 
d 


d 


o 
d 


CVJ 


o 

d 


o 
d 


CNJ 


p 

d 


o 
d 


co 
d 


o 

d 


o 
d 


o 
d 


o 
d 


o 
d 


o 

d 


o 

d 


o 
d 


o 

d 


o 








o 






O 
CO 


CD 


CVJ 


cvi 


LO 


CO 


CO 




CO 




in 


p 
in 




Cr 


20.3 


22.1 


23.2 


24.0 


25.0 


24.4 


21.3 


20.3 


24.9 


! 26.6 


22.5 


24.6 


24.4 


25.1 


24.5 


21.0 


21.9 


23.1 


CVI 

in 

CVJ 


Co I 


0.01 


eoo 


co 
o 
d 


0.01 


0.01 


0.01 


0.01 


0.02 


0.02 


0.02 


o 
d 


100 


0.01 


0.01 


0.00 


0.01 


o 

d 


0.01 


0.01 


z 


CNJ 
CO 


CVJ 
CO 


40.5 


in 

CVJ 


CO 
CVJ 


17.6 


22.1 


cb 
CVJ 


CO 
LO 
CVJ 


24.3 


21.0 


22.3 


CVJ 

oi 


20.2 


CO 


19.9 


20.3 


22.8 


22.6 


Cu 


0.77 


0.71 


2.73 


LO 


LO 


1.03 


d 


2.81 


1.44 


1.46 


0.82 


1.49 


' 1.00 


1.45 


"T 

d 


1.33 


1.32 


1.43 


0.97 


CO 


0.001 


000 0 


000 0 


0.001 


0.001 


0.000 


0.001 


1000 


0000 


0.000 


0.000 


0.000 


0000 


0.000 


0.001 


0.000 


0.000 


0.001 


0.000 


Ql 


0.008 


0.007 


0.006 


0.006 


0.004 


0.005 


0.007 


0.004 


9000 


0.008 


0.005 


o 
o 
d 


0.005 


! 0.008 


! 0.007 


, 0.006 


800 0 | 


0.006 


0.008 


Mn 


0.13 


d 


no 


1.47 ! 

! 


1.60 


1.05 


0.17 


cr> 

d 


CO 

d 


0.18 


0.15 


CVJ 

in 


1.05 


0.12 


0.18 


0.24 


0.22 


0.23 


1.03 


CO 


0.12 


0.13 


0.15 


0.18 


0.28 


0.24 


d 


0.20 


0.22 


0.14 


0.18 


0.18 


0.24 


0.27 


in 

CVJ 

O 


0.19 


0.22 


1 0.25 


0.14 




o 


0.004 


0.008 


0.006 


0.006 


0.005 | 


0.016 


0.007 


0.005 


0.010 


0.008 


0.007 


0.007 


| 0.008 


0.005 


0.018 


0.014 


! 0.013 


0.015 


0.007 






CNJ 


CO 




LO 


CD 




CO 




o 




CN/ 


CO 




CO 


CO 


r- 


CO 






# « s a 



6 



[0 0 5 1 ] KftKBttt, h V ^gax^u>^?»i 

•c, E*35^ara»pa«»i/-rjBft««:a'JSL, 

1 ^C^cbc^-C/Tv-r. 
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